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THE CORONARY ARTERIES AND THE MYOCARDIUM 
IN ’HEALED" RHEUMATIC HEARTS 
Introduction 
"Rheumatic heart disease ranks with coronary and hyper¬ 
tensive heart disease as one of the most common and serious 
types of cardiac disorder. Its special importance is in that 
it is a disease of youth, killing and crippling many children 
and young adults." 'This statement from Gould’s "Pathology 
of the Heart" characterizes the special emphasis that has been 
placed on the pathology of the acute phase and of the chronic 
valvular lesions of rheumatic heart disease. 
This study Is a clinico-pathologic investigation of 
patients who have survived for long periods after the acute 
phase of rheumatic heart disease with particular regard to the 
state of their coronary arteries and myocardium at the time 
of death. Information for this was obtained from the clinical 
histories and necropsy material of patients who died some time 
after the disease had resolved or become quiescent. The central 
question to be considered is whether or not acute rheumatic 
fever accelerates or otherwise alters the usual process of 
arteriosclerosis of the coronary arteries and the associated 
ischemic heart disease. 
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Review of the Literature 
The earliest recognition of the disease entity now known 
as rheumatic heart disease came in 1788-89 when Pitcairn (1) 
and Jenner (2) commented on the association of rheumatic joint 
disease and organic lesions in the heart. Adams (3) in 1827, 
was the first to discuss the myocarditis found with this disease. 
In 1835 Bouillard (4) emphasized the frequency with which peri¬ 
carditis and endocarditis are found in rheumatic fever. The 
cellular proliferation near cardiac blood vessels and between 
myocardial fasciculi was described by Goodhart (5) in 1879 
and six years later Vaisse (6) observed myocardial necrosis 
and scarring in active rheumatic fever. Srehl (7), in 1890, 
was the first to comment on the arteritis of small and medium 
sized myocardial vessels in which damaged and proliferative 
and medial elements often narrowed the lumen. He ascribed 
the angina-like precordial pain of rheumatic fever to the 
ischemic effect on the myocardium of this narrowing. In elab¬ 
oration of Krehl*s observations, Rhomberg (8) described diffuse 
hyaline thrombosis of the smaller arteries and also periarteritis 
involving the middle size coronaries. According to Rabe (9), 
the arterial lesions in acute rheumatic fever had been described 
earlier by DeMussy (1872), Legroux (1884), and Martin (1891). 
In 1904, Aschoff (10) described the characteristic nodular 
lesions of rheumatic myocarditis, emphasizing their proximity 
to small and medium sized arteries. In 1926, Von Glahn and 
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lesions to small and medium sized myocardial vessels but they 
also pointed out similar lesions which occur in peripheral 
arterioles, capillaries of the lung, and in other organ systems. 
The swelling and splaying of elastic tissue which these authors 
described was present in the acute phase of the disease. 
Geipel (12) described endothelial and collagenous hyperplasia 
in the intima, fibrin deposition in subintimal connective tissue, 
destruction of the elastica interna and marked narrowing of 
the lumen. Intimal fibrosis was also noted by Klotz (13) who 
examined the aortas in acute rheumatic fever. Klinge (14) 
described fibrinoid degeneration of the ground substance, 
lymphocytic and leukocytic infiltration and palisade arrange¬ 
ment of cells in the arterial walls. These changes are more 
pronounced than the associated hypertrophy and proliferation 
of connective tissue cells. He also believed that the fibrinoid 
degeneration which he saw in the media and intima is not specific 
and may be seen in diseases other than rheumatic fever. He 
also stated that in the chronic, 'healed* phase the hyaline, 
collagenous material both in arterial walls and in the center 
of Aschoff bodies disappears. Klinge did believe that the 
fibrinoid and infiltrative lesions that he saw in the media 
and intima evolve into fibrosis and granulomata within the 
arterial wall, often narrowing the lumen. In addition to de¬ 
scribing necrotic lesions in the skeletal muscles of patients 
who died with acute rheumatic fever, Geipel (15) pointed out 
that Aschoff bodies are also seen in myocardial tissue at some 
distance from vessels. MacGalium (16) distinguished the arterial 
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lesions from those of periarteritis by showing that Aschoff 
nodules are never within and only rarely intimately surround¬ 
ing the vessels. Von Glahn and Pappenheimer (11) remarked on 
the superficial resemblance of the lung arteriolar lesions to 
those of periarteritis nodosa but without thrombosis or aneurysms. 
Other investigators have also remarked on this similarity to 
periarteritis nodosa (14)(17 ) (13). 
Both Swift (19) and MacCallum (l6) felt that the prox¬ 
imity of Aschoff nodules to coronary arteries does cause com¬ 
pression and narrowing of the lumina. To the contrary, Karsen 
and Bayless (17) stated that Aschoff nodules rarely narrow 
the vascular lumen and never occlude it. They believed that 
coronary occlusion by whatever mechanism is an infrequent com¬ 
plication of rheumatic carditis. Nutrition of myocardial 
tissue is compromised, according to Swift (20), by endarteritis 
and thrombosis of small cardiac blood vessels. Acute swelling 
of the endothelium and intimal fibrosis of cardiac arterioles 
and capillaries may also lead to appreciable narrowing and 
even small, scattered areas of muscle necrosis (21)(22)(23)(24) 
(25). However, the supposition that emboli are sufficiently 
frequent to account for the widespread intimal lesions obser¬ 
ved is not in accord with the actual incidence of embolization 
seen in rheumatic fever (17). A rare and peculiar occlusive 
lesion which has been seen in acute rheumatic fever is a 
verrucous endarteritis in which acidophilic, proliferative 
and necrotic vegetative-like endothelial elements project 
into the lumen of affected vessels (26)(27). 
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The frequency with which the coronary arteries are in¬ 
volved in rheumatic carditis is subject to many differences 
of opinion. Xlotz (28) and Coombs (29) believed that the 
finer ramifications of the coronary arteries are invariably 
affected but MacCallum (71) regarded this as a complication 
only in severe cases. Perry (91) examined the large coronaries 
of nine patients who died with acute rheumatic fever and found 
involvement in all cases with swollen intima infiltrated with 
lymphocytes, intimal fibrosis and a variable amount of splaying 
and destruction of the elastica interna,. He also found var¬ 
iable fibrosis in the media and adventitia. Zeek (30) stated 
that rheumatic heart disease was invariably accompanied by 
atheromatous changes in the aorta, pulmonary arteries or 
coronary arteries, as seen in her series of 1070 autopsies 
on individuals under 30 years of age. Gross et a_l. (21) found 
moderate scarring and elastification of the media of the main 
coronary arteries in about one-third of cases of inactive 
rheumatic heart disease and more frequently in patients with 
active rheumatic carditis. It was pointed out by Karsen and 
Bayless (17) that a high percentage of controls with no clin¬ 
ical history or pathological evidence of rheumatic heart disease 
have coronary arterial lesions similar to those described by 
Gross and Zeek including edema, necrosis, fibrinoid and 
elastica alterations and lymphocytic infiltration. This ob¬ 
servation was confirmed by Hall and Anderson (31). These 
authors as well as Murphy (23) agree that Aschoff nodules 
can be seen in the hearts of patients who have never had 
, 
■ . 





rheumatic fever; moreover, the hearts of patients with a good 
history of rheumatic carditis plus the pathological evidence 
of the characteristic valvular lesions may be free of Aschoff 
bodies. Gould (32) states that the presence of Aschoff nodules 
in the myocardium is neither definite proof of active rheu¬ 
matic carditis nor evidence that an active phase of the disease 
has recently occurred. The lesions are found in about 69% of 
rheumatic hearts. 
There remains much debate over the specific relationship 
of rheumatic heart disease to the development of arteriosclerosis. 
MacCallum (16) believed that there was insufficient evidence 
to assume such a relationship. Lloyd (33) expressed the opinion 
that a number of infectious diseases including rheumatic fever 
predispose the coronary arteries to sclerosis. MacLean (34), 
Giraldi (35) and Zeek (30) all shared the opinion that the 
coronary artery lesions of rheumatic heart disease result in 
early development of atheromatous changes which are progressive 
and may go on to calcify. Gross et al. (21) felt that rheumatic 
carditis induces in the walls of the main coronary arteries 
a series of precocious evolutionary metamorphoses which can¬ 
not be differentiated from those occurring normally as a re¬ 
sult of age alone. These changes, they believed, are wide¬ 
spread, permanent vascular damage which lead to early sclerotic 
alteration and ischemic changes in the heart. However, these 
authors also point out that the primary arterial lesions in 
the acute, active phase involve the smaller vessels whereas 
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the main coronary arteries are affected in the inactive cases. 
Gould (32), in general agreement with Gross et_ al., stated 
that fibrosis of the coronary arteries occurs more frequently, 
more extensively and considerably earlier than in nonrheumatic 
control cases. Kaunitz (36) noted that many chronic disease 
processes, e.g.; tuberculosis, uterine fibroids, nephrotic 
kidneys and thyroid tumors, are associated with cholesterol 
deposition. He suggested that chronic rheumatic inflammation 
in the coronary arteries may likewise be accompanied by a 
local derangement of lipid metabolism. Waters (37) believed 
that any factor which damages the arterial wall, whether that 
factor is infectious or chemical inflammation, increased intra¬ 
luminal pressure or direct trauma, predisposes the coronaries 
to arteriosclerosis. 
In conflict with these opinions, Waterman and Hellerstein 
(38) found that in a study of 2000 autopsies the incidence of 
coronary artery disease in patients with known rheumatic heart 
disease, active and healed, is about the same as the incidence 
in the nonrheumatic group. Kaufman and Poliskoff (30) found 
significant coronary artery disease in only 30$ of 23 males 
with rheumatic heart disease who came to autopsy. In their 
series of 500 autopsies, Roberts et al. (40) found no evidence 
to suggest that acute rheumatic carditis influences the sever¬ 
ity or the extent of subsequent arteriosclerosis. Sprague 
(24) was of the same opinion. 
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lesions cause the myocardial damage seen in rheumatic carditis 
has been widely discussed. Krehl (7), Rhomberg (8) and Swift 
(20) all considered that much of the myocardial alteration 
is directly the result of impaired coronary artery function. 
Klotz (41) and Slater (42) attributed myocardial scarring to 
both the vascular lesions and to direct inflammatory destruction 
of muscle tissues. Aschoff (10) doubted the relationship of 
arterial changes to myocardial damage. Gross e_t al. (21) de¬ 
scribed narrowing of the coronary arteries and occlusion by 
granular plugs made up of sloughed necrotic elements together 
with platelets. They also saw wide bands of adventitial fibro¬ 
sis surrounding the arteries in the healed, inactive state. 
They felt that these changes could lead to widespread myocardial 
necrosis in regions supplied by arteries so involved. Tedeschi 
(43) believed that "rheumatic coronary disease definitely 
interfers with the nutrition of the myocardium and causes 
ischemic muscular damage and weakness". 
Gould (32) agreed that severe myocardial injury is prob¬ 
ably associated with the changes seen in the coronaries though 
he felt that it remains to be clearly demonstrated that the 
arterial lesions are a direct result of the acute inflammatory 
process. Karsen and Bayless (17) state that the relation of 
the acute changes in the arteries to myocardial damage has 
not been positively established. The acute inflammatory myo¬ 
carditis may go on to the chronic scarring seen in healed 
rheumatic hearts. Hall and Anderson (31) felt that the myo¬ 
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distinguished from the scarring which results from arterio¬ 
sclerotic changes seen in nonrheumatic hearts. In her series 
of 1000 autopsies in which significant myocardial fibrosis 
was found in 110 cases. Brown (44) concluded that there is 
no evidence that infectious disease or toxicity gives rise 
to myocardial fibrosis. In her series, the rheumatic hearts 
showed the least fibrosis and the least coronary arterio¬ 
sclerosis. 
Much indirect evidence has been cited to show that the 
coronary arteries are significantly affected in rheumatic heart 
disease. Krehl (7) was the first to ascribe the angina-lihe 
precordial pain of rheumatic fever to the ischemic effect on 
the myocardium of coronary artery narrowing. Karsen and Bayless 
(17) also concluded that coronary adventitial and perivascular 
lesions which they described resulted in an ischemic type of 
pain, Sprague (24) felt that the angina which often accompanies 
chronic rheumatic heart disease signifies disturbance of coronary 
circulation which is not occlusive in nature but rather is 
secondary to inadequate perfusion resulting from aortic sten¬ 
osis and/or aortic Insufficiency. He noted, however, that the 
coronary ostia may be involved in the rheumatic process. 
Sir Thomas Lewis (45) and Gould (32) pointed out that poor 
coronary perfusion may also result from the mitral stenosis 
which so often accompanies chronic rheumatic carditis. Gould 
denies that there is morphological evidence of myocardial 








notes that the amount of coronary arteriosclerosis varies 
inversely with the degree of aortic stenosis. Gross et al. 
(21) remarked on the high frequency of involvement of the 
arteries supplying the interventricular system with the des¬ 
tructive lesions of rheumatic carditis. They ascribed the 
frequent arrythmias seen in rheumatic heart disease to ischemic 
damage of the A-V conduction system. They pointed out that 
the same vascular and conduction alterations are part of the 
evolutionary changes seen in nonrheumatic hearts but they 
claimed that these changes are earlier and more widespread 
in patients with rheumatic heart disease. The electrocardio¬ 
graphic changes seen in rheumatic heart disease include pro¬ 
longation of the P-R interval (suggestive a conduction defect) 
and inversion of T waves in AVF and left ventricular epicardial 
leads (suggesting an ischemic process) (46). These changes 
usually revert to normal after the acute phase of the disease 
subsides and may be seen in any other form of myocarditis. 
Inflammatory lesions involving the conduction system alone 
and not the adjacent coronary arteries could account for the 
electrocardiographic abnormalities (32). 
Myocardial infarction is also indirect presumptive evidence 
of coronary artery disease. In a hospital autopsy series of 
2000 cases (ages 0-90, males and females) Waterman and Hellerstein 
(33) found that the incidence of myocardial infarction in the 
entire group was 9.2% while the incidence among the 120 with 
rheumatic heart disease was only 2.5%. (All of the rheumatics 
were over age 35 and 43% were over the age of 45). They also 
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stated that the incidence of coronary artery disease found 
in the rheumatic hearts was about the same as that found in 
nonrheumatic hearts. Kaufman and Poliakoff (39) found one 
case with myocardial infarction among a series of autopsies 
on 23 males (ages 40-81) who had rheumatic heart disease. 
Soloff and Zatuchini (47) noted that the average age of death 
of all rheumatic individuals in the United States in 1950 was 
55 years of age and that myocardial infarction was not a signif¬ 
icant cause of death. Yater et al. (48) in a series of 950 
autopsies showed that coronary artery disease is a more serious 
threat to life the younger the individual who acquires it. 
This observation and the statements cited above do not cor¬ 
relate with the opinion of Gross et al. (21) and Karsen and 
Bayless (17) that rheumatic carditis induces in the coronary 
arteries early and widespread permanent sclerotic damage. 
There remains considerable debate as to what lesions are 
characteristic of and specific to rheumatic heart disease. 
The Aschoff bodies are the most characteristic lesions though 
they may be seen in only about 69% of rheumatic hearts as well 
as in hearts where there is no evidence or history of rheu¬ 
matic heart disease (op.cit.). They have been identified in 
the hearts of patients who died with tuberculosis, scarlet 
fever, polyarteritis nodosa and disseminate lupus erythematosis 
(23). Aschoff nodules are often seen in the active or acute 
phase of rheumatic carditis but as healing proceeds they con¬ 










basophils and become nondescript fibrous scars (31)(44). The 
cardiac histiocyte described in rheumatic heart disease by 
Clawson (49) is even less specific and has been identified 
in a number of infectious processes. 
The lesions seen on the valves of rheumatic hearts are 
also nonspecific (23). Myocardial Aschoff bodies do not always 
accompany the vegetative valvular lesions nor is the converse 
true. Rich has shown that valvular, interstitial and verrucous 
endocardial lesions entirely similar to those of rheumatic 
fever may be found in disseminated lupus erythematosis. The 
valvular deformities result from protracted or repeated attacks 
rather than from simple healing and scarring of the initial 
lesion (23)(32), Calcification adds to the valvular damage. 
Gould feels that most valvular deformities are rheumatic in 
origin. 
In their detailed description of the histopathology of 
the coronary arteries in rheumatic heart disease. Gross at al. 
(21) concluded that there are a number of specific lesions 
which are rarely or never seen in normal controls. In the 
small coronary arteries in the acute disease they found medial 
edema and hypertrophy with increase in number and size of 
smooth muscle cells irregularly arranged (metallaxis), in- 
timal musculo-eiastic hyperplasia and fibroblastic prolif¬ 
eration, fibrinous and granular vascular plugs with occasional 
frank thrombosis, occasional verrucal endarteritis and Aschoff 
bodies closely associated with vessels. In the inactive phase 













elastification In one third of the main coronary arteries. 
They distinguished these changes from the evolutionary changes 
seen in normal control cases. Karsen and Bayless (17) in 
their study of active rheumatic carditis described some of 
the same lesions, but also pointed out that no fatty change 
can be found until the process becomes chronic. They noted 
that edema and necrosis were found in some part of the coronary 
tree of all of their controls and that fibrinoid and elastica 
alterations were found in 50% of normal controls. The older 
the patient at the time of onset the more severe are the destruc 
tive lesions. Hall and Anderson (31) found the stigmata 
described above (arteritis, fibrinoid changes, elastic tissue 
alterations, Aschoff bodies, lymphocytic infiltration) abun- 
dantly present in nonrheumatic hearts. Lowe and Hartman (23) 
denied that there was any vascular lesion characteristic of 
rheumatic heart disease except, perhaps, for the occasional 
Aschoff nodule. Gould (32) concurred in this opinion. The 
lack of specificity of the histopathological lesions described 
in rheumatic carditis had led many observers to speculate on 
the possibility that the etiology and nature of these lesions 
is similar to those found in any of the collagen group of 
diseases in which antigen-antibody mechanisms are postulated 
(18)(19)(51). 
The natural history of rheumatic heart disease provides 
inferential evidence about the significance and permanency 
of the vascular lesions. Among the causes of death in adults 
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coronary occlusion with myocardial infarction (52). Soloff 
and Zatuchini (47) analyzed the causes of death in 114 patients 
(male and female, ages 12 to 83) who had clinical and autopsy 
findings of rheumatic heart disease. In none of these was 
coronary artery disease cited as a significant factor. Wallach 
et al. (53) stated that with increasing age rheumatic heart 
disease is more often a relatively inactive, incidental lesion 
and its role as a cause of death becomes less significant. The 
chronic valvular lesions are a significant cause of death in 
the middle age group while active rheumatic heart disease is 
usually significant only in the early decades of life. Cohn 
and Lingg (54) found that the earlier the age of onset, the 
poorer the prognosis and the greater the chance of recurrence. 
The work of Wilson and Lubschez (55) confirmed this. Jones 
and Bland (56) and Ash (57) agreed that in about 30% of long 
term follow-ups, the physical signs of valvular disease had 
decreased or disappeared. Rothschild et al. (58) found that 
heart failure, the major cause of death in rheumatic heart 
disease (47)(53)? is attributable to active infection and un¬ 
related to the severity of valvular defects. Rogers and 
Robbins (59) reached the same conclusion. In the fifth, 
sixth and seventh decades the disease becomes quiescent and 
myocardial failure is attributable to the usual expected causes 
occurring at that time of life, viz., hypertension, systemic, 
pulmonary or coronary atherosclerosis, thrombosis, and myo¬ 
cardial degeneration. Although the initial lesions of rheu¬ 





between the ages of 4 and 10 years (32). Factors other than 
age at onset which influence the natural history of rheumatic 
heart disease include sex, race, heredity, number of recur¬ 
rences, extent and degree of valvular damage and concommitant 
disease states such as bacterial endocarditis, congenital 
heart abnormalities, hypertension, diabetes and hypercholester¬ 
olemia (22)(4?)(60)(61)(62)(63). 
In summary, no invariably present nor absolutely diagnos¬ 
tic pathological lesions have been demonstrated in rheumatic 
hearts, although the Aschoff body is generally considered to 
be the most characteristic finding in this disease. The 
lesions which are often seen in the hearts of patients with 
rheumatic fever are nonspecific and resolve during the recovery 
phase to disappear completely or to become nondescript scars. 
Nor is it widely accepted that the myocardium or the coronary 
arteries of patients who survive the acute disease contain 
characteristic stigmata or have a higher than normal incidence 
of degenerative changes. Statistics cited to delineate the 
natural history of rheumatic heart disease vary considerably 
but probably 50% of patients survive for 20 or more years 
after the onset of the illness. In the fifth, sixth and 
seventh decades of life the physical signs of the disease 
become static or quiescent in increasingly more patients and 
myocardial failure is attributable to the usual changes of 
aging, unrelated to rheumatic infection. Only in this group 
is myocardial infarction seen in a significant number of 
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patients but its incidence is generally thought to be no higher 
than that of the remainder of the population. However, the 
question of the meaningfulness of any of the earlier studies 
is raised by Feinstein (64) who points out that improved under¬ 
standing of the mechanisms and components of rheumatic fever 
coupled with new methods for diagnosis have created a need 




DESIGN and METHODS 
Between the years of 1940 and 1963 approximately 12,500 
autopsies were performed in the Yale University Department 
of Pathology. Three groups of 50 cases each were selected 
from this series. All of the patients were white males 37 
years and older who had complete, detailed postmortem exam¬ 
inations. The first group consisted of patients who had a 
good clinical history and/or abundant pathological evidence 
of rheumatic heart disease. The second group was made up of 
men who had died from acute myocardial infarction in which 
coronary artery disease was the primary etiological factor. 
The third group was comprised of cases of suicide, poisoning 
or traumatic death. Group I includes males with rheumatic 
heart disease within the selected age range who came to autopsy 
between 1940 and 1963. Groups II and III were selected so 
that the range of ages and the dates of autopsy would be 
roughly comparable to the cases in group I. In each case, 
the clinical history and necropsy protocol were reviewed and 
the microscopic sections of the heart and coronary arteries 
were examined by two observers. A particularly careful search 
was made for histopathological elements which might distinguish 
the myocardium and coronary arteries of the rheumatic hearts 
from those of the other two groups. 
A second phase of the investigation was directed toward 
the comparison of incidence of myocardial infarction in rheu¬ 
matic hearts with the incidence of infarction in the entire 












autopsy population of white males 37 years and older. Each 
rheumatic heart was scrutinized for evidence of old or recent 
myocardial necrosis. For comparison, the incidence of myo¬ 
cardial infarction in men 37 years and older dying of all 
causes between 1940 and 1963 was analyzed. In order to spread 
these figures equally over the 23 year period, the following 
sampling was used: first 230 autopsies done in 1940 plus 
first 230 autopsies done in 1950 plus first 230 autopsies done 
in I960 giving a total of 690 autopsies done on white males 







Tabulation of Data 
All cases are white males age 37 years or older who died 
between January 1940 and January 1963 and who were autopsied 
in the Department of Pathology, Grace-New Haven Community 
Hospital, 
Page 
Table I - Cases of ’Healed* Rheumatic Heart 
Disease ...... . ....... ii 
Table II - Control Group: Traumatic Death, 
Suicide, Poisoning ............ xii 
Table III - Control Group: Myocardial Infarction 
as Cause of Death ... xx 
Table IV - Summary of Data by Age Group ...... .xxix 
Key to Abreviations: 
R.P. - Acute rheumatic fever 
C. H.F. - Congestive heart failure 
Sclerosis: 1+ - slight 
2+ - moderate 
3+ - marked 
D. O.A. - Dead on arrival 
C.V.A. - Cerebral vascular accident 
M.I. - Myocardial infarction 
R.B.B.B. - Right bundle branch block 
B.P. - Blood pressure 
Max, occ, - Maximum occlusion 
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TABLE IV Summary cf Data by Age Groups 
rMlirniiiri I ir It n— I. 
Rheumatic Hearts 
Age at death 37-JUlr h$- ■h9 5 0-5a 55-59 60~6a 65-69 70-?a 75-79 80 up Totals 
No. of cases iir 8 8 9 2 a 3 2 0 50 
Coronary 1/ 10 h 3 3 0 i 0 0 21 
Sclerosis 2/ 3 2 3 2 1 2 2 0 . 15 
3/ 1 2 2 a 1 1 1 2 ,, ia 
100$ occlusion 0 1 0 3 0 1 0 0 as. 5 
Recent M.I. 0 0 0 2 0 0 0 0 2 
Old M.I. 1 0 2 1 0 0 0 2 6 
Perivascular scars ; 9 5 5 J 1 a 2 2 31 
Mitral 13 8 7 8 2 a 2 3 a? 
Valve 
damage Aortic 10 5 5 5 1 3 2 3 3a 
Tricusp, 1 0 2 0 0 0 1 0 a 
C.H.F. h 6 u 3 1 2 2 1 23 
Years since R.F. 5-38 21- -38 35-U9 35-U7 20yli0 32-5U 15-62 ? 
Average age at death: 53 years 
Average heart weight: 6JA7 grams 
Bacterial Endocarditis as cause of death: 3 cases, ages U8, 5ii., 68 









TABLE IV (con’t) 
Hearts of patients with traumatic causes of death 
Age at death 37-UU U5-U9 50-5U 55-59 60-6U 65-69 70-7U 75-79 80 Up Totals 
No. of cases 8 6 8 7 7 1 2 U 7 50 
Coronary 1/ 6 3 6 U 3 1 0 0 3 26 
sclerosis 
2/ 2 2 2 l U 0 0 3 3 17 
U 0 1 0 2 0 0 2 1 1 7 
Perivascular 
scars 
0 1 2 3 2 0 2 2 1 13 
Mitral 0 1 6 2 2 0 0 u 3 18 
Valve 
damage Aortic 0 2 3 2 1 0 0 3 0 11 
Tricusp. 0 0 0 1 0 0 0 2 0 3 
Average age at death: £8 years 
Average heart weight: 397 grains 
Myocardial Infarction: 2 cases (both old M.I 
100$ occlusion: 1 case, age 83 
• )> ages 76, 59 
Hearts of patients with myocardial infarction 
Age at Death 37-UU U5-U9 50-5U 95-59 60-6U 65-69 70-7U 75-79 80 up Totals 
No. of cases 5 8 13 7 2 8 u 1 2 50 
Coronary 1/ 0 0 0 0 0 0 0 0 0 0 
sclerosis 
2/ 3 0 3 2 1 1 1 0 0 11 
3t O 4L 8 10 5 1 7 3 1 2 39 
100$ occlusion 3 6 3 U 2 5 2 1 1 27 
Recent M.I. U 6 8 6 2 6 3 1 1 37 
Old M.I. 2 6 9 5 2 7 U 1 1 37 
Perivascular 
scars 
3 2 U 1 0 U 2 1 2 19 
Mitral 0 0 3 2 1 3 1 0 0 9 
Valve 
damage Aortic 0 1 3 0 1 1 0 0 0 6 
Tricusp. 0 0 0 0 0 0 0 0 0 0 
Average age at death: 55 years 
















Table I lists the data on 50 cases with 'healed* rheu¬ 
matic heart disease. Table II gives the data on the control 
group in which the cause of death was trauma, suicide or 
poisoning. Table III includes information on the control 
group of males with clinical and/or pathological evidence of 
myocardial infarction, recent and/or healed. In each table 
listed under clinical history is information pertinent to 
the individuals* cardiac status including any history of 
rheumatic fever, myocardial infarction, congestive failure, 
angina, hypertension, arteriosclerosis, diabetes, obesity, 
alcoholism and the blood pressure. There is little or no 
history available on patients that were dead on arrival at 
the hospital or who died shortly thereafter. Scant clinical 
history was available on a number of patients. Many were seen 
for the first time in the hospital when they presented in the 
emergency room. Often they were in a state of shock when 
seen so that data on blood pressure may not represent the 
normal blood pressure for these patients. In the tables, the 
information on the coronary arteries, the myocardium and the 
cardiac valves is derived from a combination of the gross 
description in the original autopsy protocols and of findings 
from careful microscopic examination of the tissue sections. 
Table 17 is a summary of the data from the other three 
tables broken down by age groups. The ages at death of the 
cases with evidence of rheumatic heart disease ranged between 
37 and 78 years with 53 years of age as the average. The two 
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control groups were selected so that the ages at death would 
be comparable to those in the rheumatic group. The age range 
in the series of traumatic deaths was from 37 to 87 years with 
the average 58 years of age. In the group with evidence of 
myocardial infarction, the average age of death was 55 years 
ranging from 37 to 87 years. Congestive heart failure accounted 
for death in 23 cases in the rheumatic group. Bacterial endo- 
carditis played a final role in another three instances while 
acute myocardial infarction (not attributable to surgical 
trauma) was found in two cases. In the age group 37 to 44 
years, five patients out of the total of 14 died within 72 
hours after undergoing surgical procedures to correct valvular 
stenosis. 
The average weight of the hearts in each group were as 
follows: rheumatic hearts: 647 grams; hearts in traumatic 
death: 397 grams; hearts in the myocardial infarction group: 
490 grams, ho correlation was found in this study between 
heart size and elevated blood pressure or age but in general 
the patients who died in congestive heart failure had the 
largest hearts and had the greatest amount of valvular damage. 
As anticipated, the greatest amount of coronary arterio¬ 
sclerosis was found in the group dying with myocardial infarction. 
The incidence of atheronatous deposition and of total arterial 
occlusion was also greatest in this group. In all groups 
the prevalence of these changes increased with age. It was 
also found that 'healed' rheumatic hearts contained more 








the hearts in the series of traumatic deaths and this was 
paralleled by a greater number of myocardial infarctions. 
These differences were most striking when comparing the age 
groups below 60 years. In the rheumatic group six of the 
eight myocardial infarctions and four of the five complete 
coronary occlusions were found in cases younger than 60 years 
of age. The only two instances of myocardial infarction in 
the group of traumatic deaths were found in patients 59 and 
76 years of age respectively. Despite the fact the average 
age at death was 5 years greater in the series of traumatic 
deaths, comparison of the total figures revealed more advanced 
coronary artery alteration in the rheumatic hearts. The changes 
seen in the coronary arteries of the rheumatic hearts consis¬ 
ted of focal and eccentric intimal thickening and hyaline 
change with varying amounts of lipid and calcium deposition. 
The elastica interna was frequently disrupted and splayed 
beneath the zones of fatty deposition. In some cases fibrous 
and hyaline changes were seen in the underlying media. The 
changes of acute inflammation, i.e.; polymorphonuclear and 
lymphocytic infiltration, edema, and hemorrhage were rarely 
seen. Intimal fibrous proliferation was infrequently present. 
Aschoff nodules and other giant cell lesions were not iden¬ 
tified within or about the coronary arteries of the rheumatic 
hearts. The qualitative changes seen in these arteries could 
not be distinguished from the alterations seen in the coronary 
trees of the other two groups. As pointed out earlier, there 
were obvious quantitative differences. 








■ .«-•■. .0 ;> ■ ' :.i. L .... - . o , . „. 
. 
- 
. i - 
-22- 
The presence of perivascular fibrosis was noted most 
often in the group of rheumatic hearts and least frequently 
in the cases of traumatic death. In all groups, the amount 
of perivascular scarring increased with age but no direct 
correlation between perivascular scarring and either heart 
size or amount of arteriosclerosis in the coronaries could be 
demonstrated. Because of the unreliability of information 
about blood pressures (as discussed above) no comment may be 
made concerning the relationships between hypertension and 
either arteriosclerosis or myocardial perivascular fibrosis. 
The association of perivascular scarring with hypertensive 
heart disease is well recognized. In the group of rheumatic 
hearts there was no consistent difference in the appearance 
or distribution of perivascular scarring from that seen in 
the hearts of the control groups. The large, fibrous scars 
seen in the myocardium of the rheumatic hearts were often 
more patchy and scattered than the compact, well circum¬ 
scribed scars generally attributed to healed zones of myo¬ 
cardial infarction. There was much less frank necrosis in 
the myocardium of the rheumatic hearts than in the hearts 
of the myocardial infarction group but none of these dif¬ 
ferences served to distinguish consistently between the hearts 
of the two groups. A careful search for Aschoff bodies in 
this study was unrewarding, No granulomatous lesions which 
could be unequivocally identified as Aschoff nodules were dis¬ 
covered. 
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damage was seen in the rheumatic group. The amount of val¬ 
vular stenosis, incompetence, sclerosis and calcification, 
thickening and rolling of edges and vegetation formation was 
much less in the other two groups. The incidence of valve 
alteration was least in the myocardial infarction group. In 
all groups, the mitral valve was most frequently damaged fol¬ 
lowed by the aortic valve and then the tricuspid valve. No 
pulmonary valve damage was noted. In the rheumatic group, 
aortic valve alterations were almost always accompanied by 
mitral valve damage while the incidence of aortic valve al¬ 
teration alone was more frequent in the other two groups. Where 
tricuspid valve damage was seen it was always accompanied by 
changes in one or both of the other valves. In all 150 cases 
the frequency and extent of valve alteration increased with 
age. 
A subsidiary phase of this investigation involved a re¬ 
view of 690 autopsies on white males 37 years of age and above 
who died from all causes between the years of 194-0 and 1963. 
Acute myocardial infarction accounted for 94- of these deaths 
or about 14^. The average age at death in this group of acute 
infarctions was 67 years. The average age at death in the 
150 cases selected for detailed study was about 55 years or 
about 12 years below the age of peak incidence of fatal acute 
myocardial infarction. Therefore, one would expect a lower 
incidence of fatal myocardial infarction in both the group of 
rheumatic hearts and the group of traumatic deaths than in the 








« 8 jB 
« 
ri 9 . X„ • X, .c. v 
; ■ . , ■ ... 
. 
■‘tt'b 'J.O'1 b£j“Q&I&& 
$>aJ vci> J ox 




In this investigation, the coronary arteries in 50 hearts 
in which there was evidence of rheumatic carditis at some 
time in the past were more frequently and more widely in- 
<r 
volved with arteriosclerosis than were the coronary arteries m 
50 hearts of men in the same age group who died as the result 
of trauma or poisoning. If it is assumed that this latter 
group is representative of the population at large, it appears 
that acute rheumatic carditis predisposes the coronary arteries 
to a greater than normal incidence of arteriosclerosis. This 
finding hears out the assumption of Gross e_t al. (21) and 
of Karsen and Bayless (17) that acute rheumatic fever pre¬ 
disposes the coronary arteries to early and extensive arterio¬ 
sclerotic changes. However, the lesions that these authors 
described as distinctive and characteristic of healed rheu¬ 
matic arteritis could not be verified in this study. Nothing 
resembling the fibrous endarteritis that follows acute rheu¬ 
matic carditis was seen in this series nor were any other 
signs of active inflammation present. The changes observed 
in the coronary arteries were indistinguishable from the 
arteriosclerotic lesions in the nonrheumatic group. The 
variation in the extent of the coronary artery lesions in 
the rheumatic group may be accounted for by the age of the 
patient and the number of years since recovery from the acute 
disease. It may also reflect the severity of the initial 
attack or the number of recurrences of the disease. Just 
as there are a number of cases of rheumatic fever in which 
. >r ( - ' - •. . 
- 





such commonly involved sites as the heart valves, the aorta 
and the joints are spared so there must be instances in which 
the coronary arteries are not involved by the disease. The 
process of acute inflammation in the walls of the coronaries 
(which has been frequently described in rheumatic carditis) 
is followed by scarring and, later, the development of scler¬ 
otic changes, lipid retention and calcification. This is 
analogous to the morphological sequences in the heart valves 
and aorta of post-rheumatic individuals. There is little 
morphological evidence that these changes result only from 
chronic, continuing inflammation of allergic or infectious 
etiology. Allergy or infection may Initiate this process as 
described by Waters (65). It is postulated that once the 
vessel wall is damaged and has become fibrotic, atheromatous 
changes can be progressively superimposed. The mechanism of 
atheroma formation is not clearly understood, but it involves 
further alterations in the vessel wall together with factors 
that influence the retention of plasma lipids and the dep- 
position of calcium salts. 
The advanced coronary arteriosclerosis of 'healed9 rheu¬ 
matic hearts is reflected in the higher incidence of complete 
coronary occlusion and of myocardial infarction than was 
found in the hearts of group of traumatic deaths. This dif¬ 
ference might have been more striking if the average age of 
the traumatic group had not been five years greater than the 
average age at which the rheumatic patients died. It should 










hours after a complete coronary occlusion for there to be 
identifiable necrosis and evidence of infarction in the heart 
muscle. Because of their severely compromised cardiac status, 
the patients with rheumatic heart disease would not be expected 
to survive many hours after a major coronary closure. Among 
the 23 rheumatic cases in which congestive heart failure was 
listed as the cause of death a number of complete coronary 
occlusions may have gone undetected. With the apparent cause 
of death so obvious, few prosectors would undertake a diligent 
survey of the coronary arteries. Acute myocardial infarction 
was found to have played a role in only 2 cases or 4$ of the 
rheumatic group. In the sample of 690 males from the entire 
autopsy population, the incidence of fatal, acute myocardial 
infarction was about 14$. However, the average age at death 
of this group was 67 years while that of the rheumatic group 
was 51. Many patients whose hearts are damaged by rheumatic 
carditis succumb to congestive heart failure, recurrence of 
rheumatic myocarditis, bacterial endocarditis and embolization 
before the extent of their coronary artery disease is sufficient 
to result in fatal myocardial infarction. 
Another factor to be considered in assessing the cardiac 
status of patients who have survived acute rheumatic fever 
is the limitations placed on their physical activity. Many 
are cardiac cripples, either because of limited cardiorespiratory 
reserve or because of the admonitions of their physicians. 
According to the belief that regular exercise is important 






of myocardial resistence to anoxia, many years of inactivity 
have left these patients highly vulnerable to functionally 
disasterous coronary occlusion, and they are candidates for 
sudden cardiac failure. The clinical impression that myo¬ 
cardial infarction is rare in patients with 'healed' rheumatic 
carditis reflects both the early age at which these individuals 
die from other causes and the abrupt demise following complete 
coronary occlusion. This impression should not be construed 
as evidence for the lack of coronary arteriosclerosis. 
Though no unique or distinctive lesions could be demon¬ 
strated in the 'healed* rheumatic hearts, these hearts could 
be characterized as larger and as containing more valvular 
damage and more perivascular fibrosis than the nonrheumatic 
hearts. The increased size was primarily hypertrophy (in¬ 
creased weight) but some degree of dilatation of the chambers 
was a common finding. The myocardial hypertrophy in most 
cases appeared to be secondary to valvular stenosis and/or 
insufficiency although hypertension and active myocarditis 
could not always be rule out. The failing ischemic heart 
also tends to hypertrophy as well as dilate. This phenomenon 
may account for the fact that the average heart weight was 
greater in the group dying with myocardial infarction than 
it was in the series of traumatic deaths. This was contrary 
to expectations when it is noted that more than twice as much 
cardiac valvular damage was observed in the group of traumatic 
deaths. One explanation for this apparent contradiction might 
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the valves in a heart that otherwise presents as unremarkable. 
When either mitral or aortic stenosis is present, there is 
experimental evidence to suggest that amount of arterio¬ 
sclerosis in the ascending aorta and in the coronaries is 
less than normal (32). Less arterial wall damage because of 
reduced systolic pressure has been given as the explanation 
for this observation. This protective mechanism would work 
to the advantage of the patients with chronic rheumatic val¬ 
vulitis. The valvular changes are often considered to be 
the most characteristic gross lesion found in the ’healed* 
rheumatic heart. As pointed out earlier, similar valve alter¬ 
ations are seen in a number of other disease entities, es¬ 
pecially those of the collagen group of disorders. The view 
of some authors that all valvular lesions are of rheumatic 
origin remains to be proved. 
The Aschoff body was once considered to be the hallmark 
of rheumatic carditis. Fewer investigators today accept this 
view. In this study no lesions were seen which could be un¬ 
questionably identified as Aschoff nodules. Perhaps these 
lesions could have been found if more sections had been taken 
from the posterior ventricular wall, the interventricular 
septum or the auricular appendage. It is to be expected, 
however, that in ’healed’ rheumatic hearts the inflammatory 
granulomata of the acute phase would have evolved into small, 
nondescript fibrous scars. The presence of Aschoff lesions 
would suggest the recurrence of rheumatic fever or the presence 
of some other inflammatory process but would not necessarily 
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be diagnostic. Similar nodules have been described in other 
forms of myocarditis. 
An attempt was made to correlate the number of years 
of survival after the initial rheumatic onset with the extent 
of valvular damage and the amount of coronary arteriosclerosis. 
Assuming that the only contributions of rheumatic fever to 
these changes are the initial, acute inflammatory changes 
within the valve and artery tissues, one would expect the 
sclerotic lesions to appear early and widespread and to pro¬ 
gress with age. When the onset of the disease is late, i.e., 
in the third and fourth decades of life, the acute inflam¬ 
matory process is said to be more destructive. In this study 
no relationship could be demonstrated between either years 
of survival after the initial attack or the age at which the 
attack occurred and the age of death or the extent of the 
lesions at the time of death. There are several reasons which 
would account for the absence of such correlations. The in¬ 
itial attack may be subclinical or may not be accurately 
diagnosed, the residual heart murmurs being discovered at 
some later date. The patient's memory of the dates and events 
surrounding his childhood illness are often faulty. Recurrent 
attacks which add to the scarring sometimes go unrecognized 
or, for lack of clinical history, may be interpreted as in¬ 
itial bouts of rheumatic fever. The term 'healed9 rheumatic 
heart disease must be used advisedly. These patients usually 
have some degree of permanent damage to their heart valves, 
myocardium and coronary arteries and are subject to recurrences 
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of acute myocarditis and valvulitis. 
In light of this study, an additional deadly potential 
in the natural history of rheumatic heart disease should be 
emphasized. Many children who survive the life-threatening 
acute myocarditis at the onset of this disease live on with 
progressively more sclerotic heart valves and succumb in middle 
adulthood to congestive heart failure. (According to Rogers 
and Robbins (113) congestive failure is frequently the result 
of latent rheumatic myocarditis rather than secondary to val¬ 
vular compromise.) At some time after the initial damage to 
the valves, about 10$ of these patients develop bacterial en¬ 
docarditis with a fatal outcome. Another 25$ (approximately) 
of patients survive into middle age and escape the first three 
deadly potentials of rheumatic heart disease. But they carry 
the stigma of their rheumatic carditis as advanced coronary 
arteriosclerosis and concommitant ischemic heart disease. 
The material in the Grace-New Haven Hospital autopsy 
series is unusually complete, containing long and detailed 
descriptions of the clinical history and of the gross and 
microscopic findings at each autopsy. Tissue sections tahen 
from the major organs and from sites of pathology are on file 
for each case. Despite the overall superiority of this series, 
clinical details and myocardial and coronary artery slides 
were absent for a few of the cases included in this investi¬ 
gation. In addition, the interpretation of data must be 
cautiously approached because of biases and errors which are 
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inherent in any autopsy series (66). One such built-in 
sampling error results from the fact that the composition 
of a hospital population does not reflect the composition 
of the population at large. This is less true at Grace- 
Hew Haven which is a community hospital than it is at a pri¬ 
vate diagnostic center where the patients are from an upper 
socio-economic group and to which patients may have come from 
% 
distant communities in order to take advantage of a speciality 
of the hospital. The population that comes to autopsy is 
further altered from the population at large by factors such 
as racial and religious practices which lead relatives to re¬ 
fuse permission for postmortem examination. This bias is 
avoided to some extent in the group of traumatic deaths be¬ 
cause a number of these are coroner’s cases. The selection 
of only adult white males for inclusion in this study also 
partially avoids this sampling bias. Secular changes, i.e.; 
changes occurring with the passage of time, further becloud 
the interpretation of results from a study such as this one 
which encompasses a 22 year period. Population shifts and 
variations in rates of disease prevalence as well as changes 
in the knowledge and procedures that go into a postmortem 
examination have occurred within the period under consideration. 
The prejudices and variable skills of many prosectors is an 
integral part of any autopsy series. In some of the cases 
included in this study, the initial episode of acute rheumatic 
fever was diagnosed over 50 years ago. In light of subsequent 
knowledge, the diagnoses in these cases might be very different 
. 
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Berkson (67) has pointed out several fallacies frequently- 
encountered in the interpretation of hospital data. The presence 
of two diseases in the same person, e.g.; rheumatic heart 
disease and coronary arteriosclerosis, may increase the prob¬ 
ability of his admission to the autopsy population. Also, if 
two diseases have different fatality rates then one disease 
process may bring the patient to autopsy before the other 
disease entity has had time to express itself. This factor 
operates in the comparison of the fatality rate of rheumatic 
heart disease and with that of coronary arteriosclerosis. With 
so great a latitude for errors in the data, detailed statis¬ 
tical analysis is inappropriate for an autopsy survey. 
i .ji! o' 
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Summary and Conclusions 
A comparison was made of the clinical history and 
necropsy material of 50 men with evidence of ’healed* rheu¬ 
matic carditis, 50 men with evidence of myocardial infarction 
and 50 men who died as the result of trauma. A greater amount 
of arteriosclerosis is present in the coronary arteries of 
the patients who had survived acute rheumatic carditis than 
is found in the coronary arteries of the nonrheumatic hearts. 
The advanced coronary arteriosclerosis is paralleled by a 
higher incidence of narrowing and complete occlusion of the 
coronaries and of myocardial infarction in the hearts of 
post-rheumatic patients. Except for quantitative variations, 
the histological appearance and distribution of the coronary 
arteriosclerosis of ’healed’ rheumatic hearts is no different 
from that seen in nonrheumatic hearts. There are no specific 
alterations nor characteristic lesions which clearly differ¬ 
entiate the myocardium, or the coronary arteries of a ’healed’ 
rheumatic heart from those of a heart which has never under¬ 
gone the changes of acute rheumatic carditis. In general, 
the rheumatic hearts are heavier, they have more perivascular 
fibrosis and widely distributed myocardial scarring and they 
have more valvular damage than the hearts of persons dying 
acutely of trauma or of persons dying of coronary heart disease. 
5 tai::fAf)^so eldsc: 
. 
J-L.s.a9*ig el atso'ielogolieJ'iB lo 
■ 
■ 
lalfc'jjbcc-' lo ba* vslisnoioo 
. 
’ ’ . ’ . 
. 
• oSi 19ito&r. - :io *.0X5 an0 1!&BT,8d*L., 
.or 9 -to r .of >3 0 • 3fC$ -i&Bl&aQ 
'ivBSii oos Bdrrsr 
-34- 
References 
1. Wells, W.C, Tr. Soc, Improv. Med. and Surg. Knowledge, 
373- , 1812. 
2. Kell, H. Bull. Hist, Med., £: 409- , 1939. 
3. Adams, R. Dublin Hospit, Reports, 4: 353, 1827. 
4. Bouillard, J.B. Traite Clinique du Rhumatisme Articulair 
et de la Loi de Coincidence des Inflammations du Coeur 
avec cette Maladie, Paris, 1840. 
5. Goodhart, J.F, Tr. Path. Soc. London, 30: 279- , 1879. 
6. Vaisse, F. Paris Theses Wo. 98, 1885. 
7. Krehl, L, Beitrag zur Pathologie der HertzClappenfehler 
Deutsch. Arch. f. Clin. Med., 46: 454-477, 1890. 
8. Romberg, E, Uber die Bedeutung des HertzmusCels fur die 
Symptome und den Verlauf der Acuten Endocarditis und der 
Chronischen Klappenf ehler, Deutsch. Arch, f. Clin. Med., 
53: 141-188, 1894. 
9. Rabe, M. Contribution a 1'Etude des Lesions des Arteries 
dans 1'Infection Rheumatismale, Presse Med., 10: 927-929, 
1902. 
10. Aschoff, L. Zur Myocarditisfrage,Verhandl. d. Deutsch. 
Path. Gesellsch, 8: 46-53, 1904. 
11. Yon Glahn, W.C. and Pappenheimer, A.M. Specific Lesions 
of Peripheral Blood Vessels in Rheumatism, Am. J. Path., 
2: 235-250, 1926. 
12. Geipel, P, Untersuchen uber Rheumatische Myocarditis, 
Deutsch. Arch, f. Clin, Med,, 85: 75-88, 1905. 
. . L • • • • r • ' * t ' H 




• * . 










13. KLotz, 0. Arterial Lesions Associated with Rheumatic 
Fever, J. Path, and Bact., 18: 259-269, 1913. 
14. Klinge, F. Das Gewelsbild des Fieberhaften Rheumatismus, 
Virchows Archiv., 279: 1-29, 1931. 
15. Geipel, P. fiber Myocarditis und Veranderungen der 
Quergestreiften Muskeln bei Rheumatismus, Munchen. Med. 
Wehnschr., 56: 2469-2471, 1909. 
16. Murphy, G.E. The Characteristic Rheumatic Lesions of 
Striated and of Non-Striated or Smooth Muscle Cells of 
the Heart, Medicine, 42: 75-91, 1963. 
17. Karsen, H.T. and Bayless, F. Coronary Arteries in Rheu¬ 
matic Fever, Am. Heart J., 9: 557-585, 1934* 
18. Metz, W. Die Geweblichen Reaktionserscheinungen an der 
Gef&sswand bei Hyperergischen Zustanden und deren 
Beziehungen zur Periarteriitus Nodosa, Beit. z. Path. 
Anat., 88: 17-36, 1931. 
19. Swift, H.F. et al. Rheumatic Fever as a Manifestation 
of Hypersensitivity to Streptococci, Tr. A. Am. Physicians, 
£5: 192-197, 1928. 
20. Swift, H.F. Pathogenesis of Rheumatic Fever, J. Exp. 
Med., 39: 497-504, 1924. 
21. Gross, L. et_ al. Lesions of the Coronary Arteries and 
their Branches in Rheumatic Fever, Am. J, Path., 11: 
253-280, 1935. 
22. Murphy, G.E. Nature of Rheumatic Heart Disease with 
Special Reference to Myocardial Disease and Heart Failure, 
Medicine, 39: 289-381, I960. 
. 
r: 
, v.t • 
• 1 






* < • • 
, . , 
. 8 
i - > ‘ ' 




23. Murphy, G.E, The Histopathology of Rheumatic Fever; 
Rheumatic Fever: A Symposium, Ed. Thomas, L., U. Minne 
sota Press, Minneapolis, 1952. 
24. Sprague, H.B. Coronary Artery Disease and Coronary 
Occlusion; Disorders of the Heart and Circulation, 
Ed. Levy, R.L., T. Nelson & Sons, New York, 1951. 
25. Lowe, T.E. and Wartman, W.B. Myocardial Infarction, 
Brit. Heart J., 6: 115-128, 1944. 
26. Murphy, G.E, and Swift, H.F, Induction of Cardiac 
Rheumatic-Like Lesions in Rabbits, J. Exper. Med,., 
91: 485-498, 1950. 
»! 
27. Holsti, 0. Zur Kenntnis der Arteriitis Verrucosa, 
Arb, a. d. Path. Inst. d. Univ. Helsingfors, 5: 110- 
113, 1927. 
28. Klotz, 0. Rheumatic Fever and the Arteries, Tr. A. 
Am. Physicians, 2J_: 181-187, 1912. 
29. Rheumatic Heart Disease, Coombs, C.F. Wlm. Wood and Co 
New York, 1924. 
30. Zeek, P. Conditions in Childhood which Predispose to 
Early Development of Arteriosclerosis, Am. J. Med. Sci 
184: 350-364, 1932. 
31. Hall, E.M. and Anderson, L.R. The Incidence of Rheu¬ 
matic Stigmata in Hearts which are Usually Considered 
Non-rheumatic, Am. Heart J., 25: 64-80, 1943. 
32. Baggenstoss, Rheumatic Disease of the Heart; Path- 
ology of the Heart, Ed. Gould, S.E. Second Edition, 
Charles C. Thomas, Springfield, Ill., I960. 
. . 
. . , ? r . , ' 

















33. Klotz, 0. and Lloyd, H. Sclerosis and Occlusion of the 
Coronary Arteries, Tr. A. Am. Physicians, 45: 108-119, 
1930, 
34. Maclean, D.L. Sclerosis of the Coronary Arteries of 
the Heart, Am. Int. Med,, 2: 1253-1264, 1929. 
35. Giraldi, J.J. The Histology of the Aortic Hall in Acute 
Rheumatism, Bristol Med, Clin. J., 46: 145-152, 1929. 
36. Kaunitz, H. Re-evaluation of Some Factors in Arterio¬ 
sclerosis, Nature, 192; 4797: 8-12, 1961. 
37. Haters, L.L, Reaction of the Artery Hall to Injury by 
Chemicals or Infection. Symposium on Arteriosclerosis, 
Publication 338 of National Academy of Sciences - National 
Research Council, 1955. 
38. Hartman, H.B. and Hellerstein, H.K. The Incidence of 
Heart Disease in 2,000 Consecutive Autopsies, Ann. Int. 
Med., 28: 41-65, 1948. 
39. Kaufman, P. and Poliakoff, H. Studies on the Aging 
Heart: The Pattern of Rheumatic Heart Disease in Old 
Age, Ann. Int. Med., 32: 889-904, 1950. 
40. Roberts, J.C. et al. Autopsy Studies in Atherosclerosis, 
Circulation, 20: 511-536, 1959. 
41. Klotz, 0. Concerning the Pathology of Some Arterial 
Diseases, Ann. Clin. Med., 4: 814-828, 1926. 
42. Slater, S.R. Involvement of the Coronary Arteries in 
Rheumatic Fever, Am. J. Med. Sci., 179* 22-27, 1930. 
43. Tedeschi, C.G, Pathology of Rheumatic Fever and Rheu¬ 
matic Heart Disease: Cardiology Vol. 4, Ed. Luisada, A.A. 
McGraw Hill Book Co., New York, 1959. 
' 
It: . 
.. . x . . ■ i * 
.OZZS 
. 
. . ... &"• 
.“•r • ~ . , • T tC! ■ - &r 
. . 
. . ' 
- ' V 
, 
. . • * 
:■ . . , . 
, , . ■ ■ •> • 
, 
. . , 
. . , . ' - 
-38- 
44. Brown, M. A Study of the Pathogenesis of Myocardial 
Fibrosis, Am. J. Med. Sci., 184: 707-711, 1932. 
45. Diseases of the Heart, Sir Thomas Lewis, The Macmillan 
Co., New York, 1937. 
46. Principles of Clinical Electrocardiography, Goldman, M.J., 
Lange Medical Publications, Los Altos, Calif., 1962. 
47. Soloff, A.A. and Zatuchini, J. Causes of Death in Rheu- 
matic Heart Disease, Am. J. Med., 18: 419-427, 1955. 
48. Yater, W.M. et al. Clinical and Pathological Aspects of 
Coronary Disease in Men of Various Age Groups, Ann. Int. 
Med., J34: 352-392, 1951. 
49. Clawson, 3.J. Relation of the Anitschkow Myocyte to 
Rheumatic Inflammation, Arch. Path., ^2: 760-763, 1941. 
50. Rich, R.A. Hypersensitivity in Disease, Harvey Lecture 
Series, 42: 106-147, 1946-1947. 
51. Inflammation and Disease of Connective Tissue, Ed. Mills, 
C.C. and Moyer, J.H., Saunders Co., Phila., I960. 
52. Diseases of the Heart, Friedberg, C.K. Second Edition, 
Saunders Co., Phila., 1956. 
53. Wallach, J.B. et al. Mechanism of Death in Rheumatic 
Heart Disease in Different Age Groups, Am. J. Clin. Path., 
26: 360-367, 1956. 
54. Cohn, A.E. and Lingg, C. The Natural History of Rheumatic 
Cardiac Disease, J.A.M.A., 121: 1-8, 1943. 
55. Wilson, M.G. and Lubschez, R. Longevity in Rheumatic 
Fever, J.A.M.A., 138: 794-798, 1948. 
. 
. , .. . 
... . 
.iBoizi CD to 
.. B . * 1 - 






r . , 
. . 
• • 
• 0 • * * 
. 
.  •' 
. • 
, , . 
-39- 
56. Bland, E.F. and Jones, T.D. Rheumatic Fever and Rheu¬ 
matic Heart Disease: A Twenty-year Report on 100 Patients 
Followed Since Childhood, Circulation, 4: 836-843, 1951. 
57. Ash, R. The First Ten Years of Rheumatic Infection in 
Childhood, Am, Heart J., 36: 89-97, 1948, 
58. Rothschild, M.A. et al, Incidence and Significance of 
Active Infection in Cases of Rheumatic Cardiovascular 
Disease, Am, Heart J., 9: 586-595, 1934. 
59. Rogers, J. and Robbins, S.L. Latent Rheumatic Myocarditis, 
2^7: 829-837, 1947. 
60. Dawber, T.R. et al. Coronary Heart Disease in the Farmingham 
Study, Am. J. Pub. Health, 47 part 2: 4-23, 1957. 
61. Malach, M. and Rosenberg, B.A. Acute Myocardial Infarction 
in a City Hospital, Am. J, Card., Is 682-693, 1958. 
62. Yater, W.M. et al. Coronary Artery Disease in Men 
Eighteen to Thirty-nine Years of Age, Am. Heart J., 36: 
311-372; 481-525, 683-722, 1948, 
63. Soloff, L.A. and Zatuchinin, J. Causes of Death in 
Rheumatic Heart Disease, Am. J, Med., 18: 419-427, 1955. 
64. Feinstein, A.R. and Spagnuolo, M. Clinical Patterns 
of Acute Rheumatic Fever, Medicine, 4R: 279-307, 1962. 
65. Waters, L.L. Personal communication, 
66. Mainland, D, The Risk of Fallacious Conclusions from 
Autopsy Data, Am. Heart J., 45: 6440654, 1953. 
67. Berkson, J. Limitations of the Application of Fourfold 






. S i ' ■ . .. 




. . . . J 
. 
* . - - ' . 
■ r '• . 
. 
. ■ . . . ~; 
. 
. - • 
. . • :* '■ ■. . 




68. Weiss, S, and Davis, D. Rheumatic Heart Disease: 
Embolic Manifestations, Am. Heart J., 9: 45-52, 1933. 
69. Edstrom, G. and Gedda, P.O. Investigations on the 
Localization and Forms of Some Visceral Anatomical Lesions 
in Rheumatic Fever, Acta Med. Scandinav., 147: 367-377, 
1954. 
70. Gross, L. and Ehrlich, J.C. Studies on the Myocardial 
Aschoff Body, Am. J, Path., 10: 489-504, 1934. 
71. Acheson, R.M. Etiology of Coronary Heart Disease. Yale 
J. Bio. & Med., 35: 143-170, 1962. 
72. Nichol, S. Rheumatic Heart Disease in Southern Florida, 
Am. Heart J., _9: 6371, 1933. 
73. Gross, L. et al. A Standard Procedure Suggested for 
Microscopic Studies on the Heart, Arch, Path., 10: 840- 
852, 1930, 
74. Graham, G.K, et al. Studies in Mitral Stenosis, Arch. 
Int. Med., 88: 532-547, 1951. 
75. Juca, A. and White, P.D. The Cause of Death in Rheumatic 
Heart Disease in Adults, J.A.M.A., 125: 767-769, 1941. 
76. Parrish, H.M. Epidemiology of Ischemic Heart Disease 
Among White Males, J. Chron. Dis., 14: 311-354, 1961. 
77. Friedberg, C.X. and Gross, L, Pericardial Lesions in 
Rheumatic Fever, Am. J. Path., 12: 183-203, 1936. 
78. Duguid, J.B. and Robertson, W.B, Effects of Athero¬ 





,. ' . ■■ . 









. , . , , 
. ■ 
. 
, .. . ■’ 
-41- 
79. Ellis, L.B. et al. Studies in Mitral Stenosis, Arch. 
Int. Med., 88: 515-531, 1951. 
80. Tidwell, R.A. Complications of Rheumatic Fever, Am. 
J. Card., 1: 464-467, 1958. 
81. Kail, E.M. and Ishioka, T. Etiology of Calcified 
Nodular Aortic Stenosis, Am. J. Path, 16_: 761-785, 1940. 
82. Wilson, J.K. and Greenwood, M.B. The Natural History 
of Mitral Stenosis, Can, M.A.J., Ji: 323-331, 1954, 
83. Davis, D. and Weiss, S. Rheumatic Heart Disease: 
Incidence and Role in the Causation of Death, Am. Heart 
J., 7: 146-156, 1931. 
84. Stone, C.S. and Feil, H.S. Mitral Stenosis: A Clinical 
and Pathological Study of One Hundred Cases, Am. Heart 
J., 9: 53-62, 1933. 
85. Plotz, M, Non-Atheromatous Lesions of the Coronary 
Arteries, An. J. Med. Sci., 215: 91-102, 1948. 
86. De Graff, A.C. and Lingg, C. The Course of Rheumatic 
Heart Disease in Adults, Am, Heart J., 10: 459-477, 1935. 
, • • * 1 
. ; ..... • ’• '• 
. . 
-A •' * 1 ,. Lir . VG 
■ i r ’ - it - - t CjS". 




. i ( - v\ j • V , . 





, . xi e: lA 





YALE MEDICAL LIBRARY 
Manuscript Theses 
Unpublished theses submitted for the Master's and Doctor's degrees and 
deposited in the Yale Medical Library are to be used only with due regard to the 
rights of the authors. Bibliographical references may be noted, but passages 
must not be copied without permission of the authors, and without proper credit 
being given in subsequent written or published work. 
This thesis by has been 
used by the following persons, whose signatures attest their acceptance of the 
above restrictions. 
NAME AND ADDRESS DATE 

